A mathematical model is developed to determine the force impacts that are formed when the electromagnetic field is transformed into a field of ultrasonic oscillations in the skin layer of an electrically conductive ferromagnetic material of an anisotropic magnetic permeability. The main factors determining the excited acoustic field with allowance for permissible limitations are established. It is shown that the main contribution to the acoustic vibrations energetics is made by the magnetostrictive component of the skin layer material, in which the high-frequency electromagnetic field is transformed into an acoustic field.
INTRODUCTION
Magnetic materials are the basic materials of magnetoacoustics, microwave engineering, magneto-optics and spintronics. Nanostructuring of volumetric materials allows controlling their characteristics in a wide range. Nanocrystalline ferromagnetic soft magnetic materials with low coercive force and ultra-high permeability are most frequently used. The effect of magnetoresistance in film multilayer materials makes it possible to create on their basis high-sensitive heads for magnetic disks, which read information in computers. When developing technology for the formation of both bulk nanostructured materials and film multilayer instrumental structures, it is necessary to control their physical properties by non-destructive testing methods. When developing such methods, an urgent task is to create ultrasonic frequency sensors for the study of nanocrystalline ferromagnetic materials.
In [1] , in a general form, the problem of electromagnetic excitation of elastic oscillations in the microthick layers (films) of ferromagnetic metals with the corresponding boundary conditions was formulated and solved, where a linear approximation of the phenomenological theory of magnetostrictive phenomena was used. It is shown that the mathematical model of the transformation process of electromagnetic energy into acoustic one in the skin layer of metal must take into account the coherence of the elastic and magnetic fields in the volume of the dynamically deformed micro-thick layer of an electrically conductive ferromagnet. At the same time wave-length of an excited elastic wave will be significantly larger than skin-layer thickness, therefore providing almost constant within cross-section stress-deformed state of metal layer. Boundaries are determined at which the increase in the mechanical rigidity of the preliminarily magnetized ferromagnet due to the coupling effect of the elastic forces and the forces of the magnetic interaction be-tween the poles of the domains in the deformed thin layer of the ferromagnet can be ignored.
At the same time in order to create the physical basis for thin material surface layer investigation sensor design, by-layer method included, using, for example, frequency change of active electromagnetic field, it is re-quired to define the force parameters affecting skinlayer area of given size, in turn defining most of important attributes of excited acoustic field.
PROBLEM STATEMENT
Let us consider a model of an electromagnetic transducer ( Fig. 1) , in which the source of alternating magnetic field (position 1) is formed from N turns of wire, which is laid in concentric circles in a flat coil. The height of the coil is b, inner and outer radii of laying turns are R1 and R2 correspondingly. The coil 1 is placed in vacuum at the distance of δ over the ferromagnetic metal layer (of 2h thickness) surface 2. Inside the layer 2 a constant magnetic field is created. Magnetic induction vector is completely defined by its axial component 
where
The solution for the equation (6), which meets the boundary conditions (3), is as follows
where 
Influencing on (9) by the integral transformations (10) and (11), we obtain
It follows from the computational formulas (12) and (13) 
is an amplitude value of the vector density of the eddy current conductivity;
is an amplitude of the intensity vector of the eddy electric field; 
.
Applying the integral transformation (19) to the equation (17), and the equation (18) to the transformation (20) we obtain a system of ordinary differential equations of the following form
From the equation (22) it follows that
Substituting expression (23) into equation (21), we obtain
where C and D are the constants to be determined. 
The 
Applying the integral transformation (30) to the equation (28), and the transformation (31) to the equation (29), we obtain the following system of ordinary differential equations
From the equation (33) it follows that
Substituting expression (34) into the equation (32), we obtain an equation for determining the integral
The main contribution to the numerical values of the inverse Hankel transform is made by fragments of the integrand at the values 
where M is a constant. Applying (36) to the definition (34) considering that
The constants B, C, D and M from boundary conditions on surfaces
The system of equations (38) is solved for constants to be defined in the only way. Let us consider the case in which 2 R h  . In this case, the ferromagnetic layer can be considered as a half-space (Fig. 2) . Between the axial coordinates z (Fig. 2) and z ( Fig. 1) there is an obvious relationship: 
Substituting the expressions (40) into the transformations (41), we obtain the following calculation formulas for physical components of the complex-valued components of the intensity vector of alternating magnetic field: . In this case, the integral was replaced by the algebraic sum of the mean values of the integrands within each section. When performing the calculations, the following parameters were recorded:: 
